Produção de forragem, características estruturais e composição química de leguminosas forrageiras tropicais submetidas ao sombreamento
INTRODUCTION
Brazil has great potential in terms of animal production, a result of interaction between large territorial extensions and tropical climate, which provides an excellent condition for animal exploitation. These characteristics make possible the use of pasture production systems, considering the development that is presented by tropical forages, which constitutes a low cost food and is the main component of cattle feeding (EUCLIDES, 2000) . Although, it occupies a prominent position on the cultivation of these species are some of the obstacles of their use, as reported in sugarcane producing areas in Brazil (KUVA et al., 2007) . For VALLE and ZIMMER (2013) , the main legume failures in pasture in the last 3 decades are the result of the use of genotypes with low resistance to diseases, low reser-voirtion rate in grazed pastures, inadequate animal management (super or sub grazing) and inadequate legume implantation and maintenance techniques in poor and acidic pastures. ANDRADE et al. (2004) reported that the increase in the level of shade causes decrease of dry matter production. For this reason, it is necessary to identify the species that tolerate the best shade cultivation, as well as the levels of shading that interferes on the forage to obtain the advantages offered by the existing consortium in the SSPs (SOARES et al., 2009) , in this sense, the objective of this study was to evaluate the forage production and quality of Neonotonia wightii, Pueraria phaseoloides, Macrotyloma axilare and Arachis pintoi submitted to different levels of shading (30, 50 and 70% shading) and full sun.
MATERIALS AND METHODS
The present study was carried out in the Forage and Pasture Sector of the Animal Science Institute of Universidade Federal Rural do Rio de Janeiro, Seropédica -RJ, Brazil, located at latitude 22º45`S, longitude 43º41'W, with an average altitude of 33 meters between 2015 and 2016. The Fabaceae species used were Perennial Soybean (Neonotonia wightii Lackey), Tropical Kudzu (Pueraria phaseoloides Benth.), Macrotilom (Macrotylom aaxillare Verdc.) and Forage Peanut (Arachis pintoi Krapov. & Greg.), submitted to shading levels of 30, 50 and 70% from the use of polypropylene screens ("black plastic screen") plus control treatment (full sun). The experiment carried out in a randomized complete block design with subdivided plots, with shade in the plot and the Fabaceae in the subplot, with four replications in repeated measure analysis.
The soil of the experimental area was analyzed in the laboratory of chemical analysis of the Department of Soil Fertility at the Institute of Agronomy of the Universidade Federal do Rio de Janeiro and based on results obtained the soil was corrected and fertilized. The soil was plowed and barred to facilitate the planting and germination of forages.
The climate of the region is Aw type according to the Köppen classification, with a dry season from April to September and a rainy season from October to March, which we call the "Drought-season" and "Water-season", respectively. The Droughtseason is characterized by a negative hydric balance, presented in the figure 1-B. The means of temperature and rainfall are presented in the figure 1-A.
Implantation was carried out using seeds of Neonotonia wightii cv. "Common", Pueraria phaseoloides cv. "Common", Macrotylomaaxilare cv. Java and Arachis pintoi cv. Belmonte. Fabaceae planted at the beginning of the water-season (September 2015) in beds of 2x3 m with planting lines spaced of 0.5 m, totaling an area of 720 m 2 . After planting of the Fabaceae, a "black plastic screen" cover was installed at a height of 1.5 m from the ground. After the species were fully established (around 60 days latter), uniformity cut was performed using a costal brush at a height of 5 cm from the soil.
The first cut was performed on 01/13/2016 with two samples at the center of the plot using a 0.25 m 2 (0.5 x 0.5 m) frame, according to MCMENIMAN (1997) . The evaluations were carried out with a fixed interval of 60 (sixty) days until one year of evaluation was completed and a the similar interval was used by ANDRADE et al. (2004) . A cover fertilization (150 kg KCl.ha -1 ) was carried out after the standardization cut and two more cover of fertilizations of the same magnitude throughout the year.
After cutting, the material was taken to the Laboratory for weighing and separation in leaves (leaf blade + petiole) and stalk. The material subjected to drying in a forced ventilation oven at a temperature of 55 o C for 72 h to determine the dry matter. After, the material (all components) was milled with a 1 mm sieve screen. Afterwards, the determinations of dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), mineral matter (MM), cellulose and lignin according to manual described by SILVA & QUEIROZ (2006) were performed.
Forage mass was estimated from the weight of DM produced by the area of the square used (0.25 m 2 ) and converted to the hectare. The forage production was calculated multiplying the forage mass by the number of cut. The relation of leaf/stalk was calculated based on the weight of leaf fractions (leaf blade + petiole) and stalk corrected for DM. The data were analyzed using the MIXED procedure of the statistical program SAS (Statistical Analysis System) version 9.2 for Windows. Choice of variance and covariance matrix was based on the Akaike's Information Criterion (WOLFINGER, 1993) and the analysis of variance was based on the following causes of variation: Fabaceae species, shade level, period of the year, and the interactions between them. Effects of Fabaceae species, shade level and period of the year and their interactions were considered fixed and the effects of blocks and their interactions considered as random. The treatment averages were estimated by the LSMENS and compared by PDIFF (p<0.05).
RESULTS AND DISCUSSION
Forage mass (FM) varied with the interaction between the Fabaceae species, shade level and period of the year (p=0.0235). In the figure 2 are presented the production curves at the different times of the year. Forage Peanuts presented the highest forage mass (3.1 ton DM.ha. In the Water-season, the Forage Peanut presented the highest forage production (11 ton ha -1 DM) in the full sun while the other Fabaceae species had a mean of 6.5 ton ha -1 DM. Under artificial shading, the Forage Peanut stood out again, presenting the higher yields with average of 8.5 ton ha -1 DM, but was similar to Perennial Soybean (average of 7.6 ton ha -1 DM). During this period, Tropical Kudzu and Forage Peanut showed a negative linear behavior with a reduction of 34 and 25 percent, respectively, in level at 70% shade in relation to the full sun. With regard to the means of forage production in the levels of shading, it was possible to notice that there was an average reduction of 0.99, 3.47 and 12.49% at levels 30, 50 and 70% of shading, respectively, relative to the forage production obtained in full sun. In general, in the Water-season, an average reduction of 5.7% in forage production was observed when forages received some type of shading.
In the Water-season, the Forage Peanut in the full sun presented the higher forage production, which was also higher in the Drought-season, but with a reduction of 65.5%. In this period the Forage Peanut presented a linear negative behavior with mean determination coefficient of ≅ 80%. The Perennial Soybean presented positive quadratic response, with an increase of 39.6, 20 and 3.7% relative to treatment in full sun. With regard to the means of forage production in the levels of shading, it was possible to notice that there was a mean reduction of 2.2, 2.3 and 0.39% at levels 30, 50 and 70% shading, respectively, relative to forage production obtained in full sun. In general, during Drought-season, a mean reduction of 1.36% in forage production observed when forages received some type of shading.
Probably these results are justified by the variation of the intensity, duration and period of occurrence of the water deficit and its interaction with other factors that determine the final yield (CUNHA & BERGAMASCHI, 1992 ). However, it should note that in the present study polypropylene screens was used to analyze the response of plants to shade. And according to WILSON & LUDLOW (1991) , this technique presents some drawbacks, one of them is that natural shading provided by trees alters both the intensity and the quality (red: distant red) radiation in the understorey, while polypropylene screens; although is efficient in reducing radiation intensity, do not change their quality (HUBER & STUEFER, 1997) . The reduction of the red: distant red ratio provided by natural shading has important effects on plant morphogenesis. The other error of this technique (artificial shading) is the alteration of the canopy microclimate, reducing evapotranspiration (WILSON & LUDLOW, 1991) , but there is no interference of the arboreal component, intercepting the rainwater in its canopy and competing with the forage for the water from the soil.
The overall response of the study to forage production, reported that the depressant effect of shading in relation to full-sun cultivation is of greater magnitude in the Water-season (reduction of 5.7%) than in the Drought-season (reduction of 1.36%). In addition, considering forage production of the Waterseason plus the AP of Drought period, a general average reduction of 3.6% observed when the plants are subjected to shading. These results corroborate with the affirmation of ANDRADE et al. (2004), which under these conditions, there is a reduction of water stress of shaded plants during Drought-season, at a level probably higher than that provided by natural shading. GOBBI et al. (2009) observed that the dry matter production of Forage Peanuts decreased by 21 and 17% with shading of 50 and 70%, respectively, relative to the full sun production. In a study conducted by ANDRADE and VALENTIM (1999) , the production of Arachis pintoi BRA -031143 reduced linearly with shade levels in the rainy season and increased linearly in the dry period. In the Belmonte cultivar, the levels of 30, 50 and 70% of shading caused a reduction of 5, 26 and 60%, respectively, in the dry matter accumulation rates.
Fabaceae are physiologically more adapted to low light conditions due to the C3 photosynthetic mechanism when compared to the tropical grasses (C4), as a consequence, their forage production may be less affected in shaded environments. Results suggested that there are differences between the need for incident radiation for each plant. As for example, NICODEMO et al. (2015) studying mass of forage plants harvested at intervals of 30, 60, 90 and 180 days, with additional cuts at 120 and 150 days, it verified that under full sun the tested Fabaceae SHELTON et al. (1986) that reported higher tolerance to shade of Perennial Soybean compared to the others. Other studies have shown that shading results in decreased DM only in poaceae, and this effect is lower in Fabaceae (ERIKSEN & WHITNEY, 1982) . However, influence of shading on forage production is still not very well defined in the literature.
The Drought-season is the period where the water deficit in plants can be observed in a more common way, because the water present in the soil is not available for small or long periods, causing a reduction of the physiological activities of the plant (CAVALCANTE et al. 2009 ).
Thus, this period is characterized by significant changes in the proportion and distribution of leaves, stems and dead material in the vertical profile of the canopy, in relation to the blade: stem and the final length of the leaf blades, among others (DA SILVA & NASCIMENTO JUNIOR, 2007) .
In general, the leaf area index (LAI) of pastures increases as forage abundance increases and this increase occurs at decreasing rates. So that a plateau is reached and from that moment there is a reduction of the liquid accumulation of leaves due to senescence losses and excessive accumulation of stalks and dead material, mainly due to the limiting conditions of quantity and quality of light inside forage canopy (DA SILVA & PEDREIRA, 1997) . During this process, the leaves located in the lower strata are shaded and, once competition for light is established (ROBSON, 1981) , there is an increase in stem elongation as a means of exposing the new leaves to the upper canopy and optimizing the photosynthetic capacity of the pasture (DA SILVA et al., 2009) .
Therefore, a balance determined by the availability and quality of light inside the forage canopy, and other factors (such as water, temperature and nutrients) act as modulators of the speed. These processes occur from the point of view of the forage plant, and the volumetric density of pasture has a high correlation with LAI, height, light interception and vertical distribution of morphological components in forage mass, as especially the leaf/stem ratio (DA SILVA & CARVALHO, 2005) .
In the present study, the leaf/stalk ratio (LSR) varied with the interaction between Fabaceae species, shade level and period of the year (p<0.0001). The results are presented in table 2. During the Water-season, the Perennial Soybean presented a positive linear effect for the leaf/stem ratio, the Macrotilom and the Tropical Kudzu presented quadratic behavior as a function of shade level (0, 30, 50 and 70% light retention). Forage production and quality of tropical forage legumes submitted to shading.
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In the Drought-season, only the Forage Peanuts presented a positive linear effect for leaf/stalk ratio as a function of shading level, the other species presented a quadratic effect, positive to Macrotilom and negative to Perennial Soybean and Kudzu Tropical. However, in general, in the period of the waters, the species had an average increase of 1.5% in the LSR with a mean determination coefficient of ≅ 60% and in the dry period presented a 4.7% reduction in the LSR with a mean determination coefficient of ≅ 50%.
This suggested a low but significant influence of shading on leaf morphology as a function of shading levels, precisely because the shaded plants invest relatively higher proportion of photoassimilates in the increase of leaf area, in order to maximize the capture of available light, presenting thinner leaves and bigger specific leaf area (SLA) and leaves with lower mass density (LAMBERS et al., 1998) .
Increase of SLA in low light conditions is directly related to the anatomical alterations that can occur in shaded plants such as thinner cuticles and epidermis, lower mesophilic thickness and lower proportion of palindromic parenchyma, conductive and sustentation tissues, higher proportion of intercellular spaces and lower stomatal density (BERLYN & CHO, 2000) .
However, changes in the LSR when comparing the periods (of water and drought) are a consequence of the low availability of water. In additional also causes a high leaf senescence and restriction to the appearance of new leaves, and the degree of these changes is due to the intensity of the Water stress and depends on the genotype (SMIT & SINGELS, 2006 During the Water-season the Perennial Soybean presented a positive linear effect for the CP, especially to the increment of LSR ( Table 2 ). The Tropical Kudzu and Macrotilom presented a quadratic behavior for the LSR; however, this behavior not reflected when checking the CP contents. The Macrotilom presented lowest CP in drought and water seasons. In the Droughtseason, Forage Peanuts presented higher CP levels, probably in response to morphological changes during the period. GOBBI et al. (2009) , evaluating Forage Peanuts in response to three levels of artificial shading (0, 50 and 70%) in the dry-water transition period and verified that the leaf: stalk ratio was not affected by shading but showed a significant reduction in dry matter production with shading.
Regarding the neutral detergent insoluble fiber (NDF) content variation was observed with the interaction between fabaceous species, shade level and period of the year (p<0.0001). Results achieved are shown in table 4.
For the NDF content as a function of the species effect, in the Water-season, forage peanut and leaf/stalk ratio it confirmed that the difference between species came as a function of the proportion of stalks on the number of leaves of each species. Thus, the higher NDF levels reached by Perennial Soybean and Tropical Kudzu are associated with a greater presence of stalks in relation to the number of leaves. Positive linear response was observed for the NDF content, as a function of shade levels studied, with an average increase of 4.1; 8.3 and 6% in the Water-season when submitted to levels of 30, 50 and 70% of shade, respectively, in relation to the response of the treatment without shading in the Water-season, a negative linear response was observed for the NDF content, as a function of shade levels studied.
Fabaceae ---------------------------------Shading-------------------------
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Presenting an average decrease of 0.6; 2.7 and 4.0%, when submitted to the levels of 30, 50 and 70% of shade, respectively, in relation to the response of the treatment without shading. In the Droughtseason, this species loses leaves, avoiding excessive loss of moisture (DUBEUX JÚNIOR et al., 2010) , thus increasing the NDF contents in this period is probably due to the average reduction of 4.7% in LSR, according to table 5.
The fall of leaves and of some branches forms a layer called litter which accumulates on the ground, forming a dead vegetation cover. This loss of leaves occurs to avoid excessive water loss in this period (OLIVEIRA & PRISCO (1967) . During the Drought-season, FERREIRA et al. (2007) observed that in a forest of sage (Mimosa caesalpiniifolia Benth) in Itambé city -PE, Brazil, occurred a deposition of 1,624 kg.ha.Month -1 of litter . Period in which the plants lost their leaves with the beginning of water scarcity, and after the onset of rains the foliage reappeared again. SANTOS et al. (2010) evaluating the morphological components and chemical composition of plants of Mimosa caesalpiniifolia Benth submitted to phosphate fertilization and at different times of the year, observed a significant difference for NDF ofleaves according the time of year, occurring higher values for drought-season, regardless of the fraction of the plant. The values reported for NDF in the present study were higher than those reported by Mimosa caesalpiniifolia VIEIRA et al., (2005) that found values of 44.39 and 39.05% of NDF for rainy and Drought-season, respectively. These differences are probably associated to the determination of the whole plant in this research, as well as to the effects of plant age, precipitation and tannin complex: protein in the proportion of cell wall. SANTOS et al. (2010) .
The cellulose content (CEL) varied with the interaction between the Fabaceae species and the period Table 4 -Levels of insoluble fiber in neutral detergent (% DM) of the soybean perennial (PS), Kudzu Tropical (TK), Macrotilom (MA) and Forage Peanut (FP) submitted to different levels of shading in the Water and Drought seasons. ----------------------------------------------------------------------------Water-season--------------------------------------------------------------------- Tropical Kudzu presented a negative linear behavior as a function of the shading levels. But with a low coefficient of determination of ≅ 33%, but in general the species had an increase of the CEL contents of 7.6 and 0.83 at the levels of 30 and 50%, respectively, and a reduction of 0.93% when subjected to 70% shading, in relation to the treatment of full sun in the Water-season.
Some authors reported morphophysiological alterations performed by the plant to aid the search for luminosity, as well as to increase the efficiency of the capture of the incident radiation, which may include stems stretching, leaf/stem ratio decrease and leaf area increase (WILSON & WONG, 1982; CARVALHO et al., 1995) .
During Drought-season, species showed no difference in the CEL content due to the different levels of shading in relation to the treatment with full sun. However, the difference in morphological response between the studied species was confirmed as a response to water deficit, in which greater or less leaf loss, stems increase and/or probably roots have a close correlation with MF, with AF and LSR, but with maintenance of CEL levels at different levels of shading.
When contrasting the MF responses (Table 1) with the CEL values (Table 5) , in the dry period, it can see that results are in accordance with the hypothesis of ESPINDOLA et al. (2006) . These authors carried out a study with the objective of evaluating the decomposition and the release of nutrients by aerial part of perennial herbaceous Fabaceae, verified that the CEL contents were correlated with losses of the production during the Drought-season with greater emphasis on Tropical Kudzu and Siratro, and lower for Macrotilom.
Lignin content (LIG) varied with the interaction between Fabaceous species, shade level and period of the year (p=0.0005). Table 6 presents the results obtained in this study.
In the Water-season, the Perennial Soybean, for the LIG, did not present difference in relation to the levels of shading, presenting an average of 8.5% of LIG. Tropical Kudzu and Macrotilom showed positive linear behavior as a function of shade levels with a mean determination coefficient of ≅ 86 and 99%, respectively. Forage Peanut showed a positive quadratic behavior as a function of shading level (0, 30, 50 and 70% light retention) with a mean determination coefficient of ≅ 96%. The Macrotilom at the 70% level of shading was the one that presented the highest levels of LIG (10%) not differing from Tropical Kudzu (9.2%), possibly because under shading conditions or when reaching the critical leaf area index more vertical growth with greater stalk elongation and lower leaf density. This search for luminosity called phenotypic plasticity, whose habit of escape also develops as a function of intensive grazing (BRIGGS & WALTERS, 1997) .
Luminosity of the habitat can promote phenotypic changes in both the morphology and the physiology of the individuals (LÜTTE, 1997; LARCHER, 2006) . In this case, it presents reductions in Table 5 -Cellulose contents (% DM) of the Perennial Soybean (PS), Kudzu Tropical (TK), Macrotilom (MA) and Forage Peanut (FP) were submitted to different levels of shading during the Water and Drought seasons. (PACIULLO et al., 2001 ). In the Drought-season, there was no difference in the LIG content for all the species studied, due to the different levels of shading in relation to the full sun treatment. Growth season influenced the lignin contents, with the highest values observed in the summer (average of 8.07%). The literature demonstrated the intense deposition of lignin under high temperature conditions ; however, in the present study the difference between the periods was small (≅ 8% in the Water-season and ≅ 7.3% in the Drought-season).
Results of concentrations of mineral matter (MM), are shown in table 7, and varied with the interaction between the species of Fabaceae and shade level (p=0.0118) and between the fabaceae species and period of the year (p<0, 0001).
Nevertheless, in unfolding the interaction between Fabaceae and shade levels, it observed that at all levels of shading the Macrotilom presented the lowest concentrations of MM than the other species. However, the Macrotilom was the only species that presented a positive linear behavior as a function of shading levels, but with a low average determination coefficient of ≅ 28%.
In the present study the concentrations of MM also varied between species and period of the year (p<0.0001) and the results are arranged in table 8. Forage Peanuts presented no difference between the CARVALHO et al. (1995) pointed out that forages grown under shade conditions tend to have a higher percentage of green leaves, lower percentage of dry matter and higher concentrations of MM in leaves than plants grown in full sun. However, the alteration in the MM content could be related to morphological changes of the forage to the shade (KOUKOURA et al., 2009 ). Thus, the increase observed in the concentrations of the minerals studied in the four Fabaceae in this research is probably related to the morphophysiological changes promoted by shading, mainly based on the LSR response.
CONCLUSION
The Forage Peanuts has been shown to be a good option for use in silvopastoral systems since it presents high forage production and good nutritive value even though it has a reduction in production under shading. These Fabaceae species presented a higher reduction in the forage production in the Drought-season (average 61%) but only Perennial Soybean is favored by the shading at levels of 30% and 50% in this season. Macrotilom was little affected by the shading with less production in Water-season and with great reduction in nutritive value in the Droughtseason in relation to others species. Although, there is a small reduction in forage production, except for Perennial Soybean in the Drought-season, it is advisable to use these tropical forage legumes in silvopastoral systems since the quality of the forage is little affected by the shade. Fabaceae --------------------------------------------------------------Period of the year------------------------------------------------------------ 
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